Outputs from CREI research in progress, as well contributions from external scholars and draft reports based on CREI seminars and workshops, are published under this series. Unless otherwise indicated, the views expressed are attributable only to the author(s), not to CREI nor to any institutions of affiliation. Based on an original data-set, we carry out an econometric exercise to study the microeconomic determinants of researchers' collaborations with industry. The evidence reveals that individual researcher characteristics, such as embeddedness in the academic system, age and sex, matter more than their publishing record or formal degrees.
Introduction
The wine sector has recently experienced a process of dramatic technological change and modernisation, spurred by the results of applied research from universities and research institutes, and increased interaction between researchers and the industry (Aylward, 2003; Giuliani, 2006; Morrison and Rabellotti, 2007; Unwin, 1991) . These changes are occurring worldwide, with new producing areas emerging in countries as diverse as Argentina, Australia, Chile and South Africa among others. This evidence nicely matches with the increasingly prevalent "systemic" approach to innovation: scholars, practitioners and policy-makers are acquiring greater awareness that innovation occurs within a system, where continuous interactions among the various actors play an essential role. 1 This paper contributes to one specific dimension of this literature, which is the relationship between industry and research organizations -including universities -and the determinants of these linkages. Universities and research institutes are increasingly seen as central actors in the economic development processes of countries and regions.
Their role has always been crucial for the production of new ideas and knowledge and, recently, there has been much emphasis on their linkages with industry and on the importance of these relationships for economic development. Although it is true that university-industry (U-I) linkages 2 are not per se a recent phenomenon, it is equally true that they have increased considerable in the recent past (Etzkowitz, 1998) . This may be due to an increased trans-disciplinarity of the knowledge production process requiring tight and continuous interaction between science and technology (Faulkner, 1994) and to policies in both the US and Europe -and increasingly in the developing countriesaimed at promoting interaction between research institutions and industry (Geuna, 2001; Mowery et al., 2001; Velho and Saenz, 2002; van Looy et al., 2003) .
Within this framework, the empirical literature on developed countries has focused predominantly on patent-driven U-I collaborations, which have been investigated from the perspective of either the firm or the university involved. There has been little work done on other forms of interaction (e.g. research collaborations) and the roles of individual researchers in this interaction. Moreover, although it is widely acknowledged that most of the networks emerging out of these linkages are highly skewed, with some star researchers and prestigious universities strongly connected with the business world, and others with very few or no connections, there is still little evidence on why this happens and what determines such a network configuration. In order to fill this gap in the literature, and in line with some recent contributions on U-I linkages (Bercovitz and Feldman, 2003; D'Este and Fontana, 2007; D'Este and Patel, 2007) , this study focuses on U-I research collaborations from the individual researchers' perspectives and explores their determinants. This is especially relevant as improved understanding of these mechanisms could inform policy makers about the design and implementation of public policy.
This study also contributes to the U-I literature by providing evidence on emerging economies. In particular, we provide new evidence on three wine producing contextsPiedmont in Italy, Chile and South Africa -that have successfully reacted to the structural changes experienced in the industry worldwide. We exploit an original set of data collected by the authors through a questionnaire survey of researchers in these three wine innovation systems, and conduct an econometric analysis to study the microeconomic determinants of researchers' collaborations with the industry.
The evidence reveals that individual researchers' characteristics such as their embeddedness in the academic system, their sex and age matter, while their academic status, publishing record and formal education degrees are not significant. Working in a university, rather than in another type of research organizations, makes a positive difference, while other research organization characteristics do not appear to influence the emergence of U-I linkages.
The paper is organized as follows. Section 2 reviews the literature on U-I linkages and develops an original conceptual framework to explore the microeconomic determinants of the formation of these associations. Section 3 provides an overview of the wine industry in general and of the three specific contexts in which the research was conducted, and explains the rationale for their choice. Section 4 presents the data and the method of analysis. Section 5 presents the empirical results and Section 6 concludes.
Factors influencing the formation of U-I linkages: a conceptual framework
There is substantial empirical evidence showing that interaction between university and industry can occur through multiple channels, ranging from informal meetings, to researcher involvement in consultancy commissioned by the industry, to joint research programmes, to the licensing of patents and the purchase of prototypes developed by the industry (Bonaccorsi and Piccaluga, 1994; D'Este and Patel, 2007; Schartinger et al. 2002) . However, most of the attention in the literature on knowledge transfer has been devoted to patenting, licensing and start-up companies, with relatively little empirical research on the microeconomic behaviour of individual researchers in the various types of relationships with industry. And, increasingly it is becoming clear that patent-driven collaborations represent a tiny portion of a wider set of relations that researchers establish with the industry in order to gain access to a variety of outputs (e.g. access to funding, information on user needs) (D'Este and Patel, 2007; D'Este and Fontana, 2007) .
D 'Este and Patel (2007) identify two sets of factors that can influence the formation of U-I linkages: first, the individual characteristics of the academic researcher (see, among many others, Agarwal and Henderson, 2002; Bercovitz and Feldman, 2003; Landry et al., 2007; Louis et al., 2001) ; second, the characteristics of the institutionsresearch organization, university, department -in which the researchers operate (Friedman and Silberman, 2003; Schartinger et al., 2002; Tornquist and Kallsen, 1994) .
3
The main factors identified in the literature are depicted in Figure 1 and discussed in detail in Sections 2.1 and 2.2, which also set out some testable predictions.
Individual researchers' characteristics
The research on patents has shown robustly that the distribution of academic researchers engaged in science-technology interactions leading to co-patenting is skewed, with a few researchers accumulating a very large number of co-patents with industry (Agarwal and Henderson, 2002; Balconi et al., 2004) . However, it is not clear whether this holds for the distribution of other types of U-I linkages, such as joint research collaborations, consultancies and training (D'Este and Fontana, 2007) , and the determinants of such links have been little explored.
The literature identifies a number of factors influencing the probability of interactions between researchers and industry, the most important of which are: i) researcher's demographic characteristics, i.e. age and gender; ii) her/his education characteristics, in terms of degree obtained; and iii) her/his reputation effects, related to academic status and scientific output.
i) Demographic effects
In the literature, the impact of age on U-I linkages is not clear cut. On the one hand, the argument in favour of a higher involvement in U-I linkages of younger scholars is explained by the fact that they have been trained in an age of strong integration between universities and industry (Bercovitz and Feldman, 2003) . On the other hand, younger scholars may feel greater pressure to publish than older professors, who therefore will be freer to spend time networking with firms (Levin and Stephan, 1991) . Given this conflicting evidence, a curvilinear (U-shaped) relationship between age and U-I linkages can be envisaged with much younger and much older scholars having more interactions than scholars with ages in between.
With regard to the sex of the researcher, to the best of our knowledge, there is no empirical evidence in the literature on U-I linkages, and only a few studies test the relationship between productivity based on publications, and gender. Although there are some studies that show that female scientists publish less than their male colleagues (Xie and Shauman, 1998; Cole and Zuckerman, 1984) , some recent studies provide evidence that sex differences in publishing have become less marked. In particular, a recent study on Mexico concludes that the difference in terms of scientific output among female and male scientists is not large or significant (Gonzalez-Brambila and Veloso, 2007 Researcher's reputation is also influenced by the quantity and quality of publications.
The traditional argument is that researchers with a high publication record exhibit strong commitment in time and orientation to furthering their research at the expense of knowledge transfer outside the academic community. The literature makes the point that there will be a trade-off between publications and U-I linkages, because researchers who are more connected to and receive more funds from industry have to write more reports and therefore have less time left to devote to journal articles. Hence, as suggested by Landry et al. (2007) , the greater the researcher's assets in terms of publications, the lower will be her/his U-I knowledge transfer activity. In other words, publication quantity and excellence are substitutes not complements for U-I linkages.
However, this view has been challenged, and it has been shown that this trade-off does not always apply: in some cases researchers with a high number of publications also excel at other activities such as, for instance, patenting. Moreover, academic output, measure by the quality and quantity of publications, is a signal of the expertise and experience of the researcher, and contributes to her/his visibility and prestige. Therefore, firms may prefer to interact with professors with an established academic reputation rather than with someone who is scientifically less well known. Another reason that goes against the idea of a trade-off between U-I linkages and good scientific output, is the high costs of research equipments: the provision of external funding by the industry, facilitated by the existence of U-I linkages, can positively influence the scientific productivity of researchers (Gulbrandsen and Smeby, 2005) . Thus, we would propose that scholars with a strong publication record maintain a higher number of linkages with industry.
Finally, reputation is also based on the degree of 'centrality' of a researcher in the national research system. A researcher is considered to be 'central' based on the number of research linkages she/he has with other scholars in the country (e.g.
participation in research projects involving different national universities).
4 This is an indicator of power and prestige, as researchers involved in many research projects are also able to mobilize more research resources. Moreover, this is also a proxy for the strength of the researcher's social connections with the academic community and may signal her/his prominence in a particular area of specialization. Thus, in this paper we contend that the more central a researcher in the national research system, the more intense will be her/his connections with industry.
Characteristics of institutions
Besides the researchers' individual characteristics, the literature considers a second group of explanatory variables related to the characteristics of the organization in which the researcher is based, which can favour (or constrain) the incentives to interact with industry.
Different types of institutions, namely universities and other public institutes, can be expected to interact differently with industry depending on their mission. In particular, in agriculture-related scientific fields, public research institutions are often pragmatically oriented to undertake research on the basis of the needs of their users.
Moreover, public research organizations often have effective mechanisms for two-way communication with industry and are less prone to being seen as 'ivory towers' (Mazzoleni and Nelson, 2007) . Nevertheless, linkages with industry can be promoted by a university mission to support regional development and/or by the presence of an effective technology transfer office and especially in the case of university departments (e.g. oenology or viticulture) that carry out mostly applied research activities. Given the lack of available empirical evidence on this point, we also leave this question open.
With regard to the department, a variable studied in the literature is the scale of research resources, measured in terms of either academic research personnel or research income, as a condition to attract industry interest. Apart from the study by Schartinger et al. (2002) on Austria in the 1990s, which predicts a U-shaped relationship between department size and volume of industry interactions, with medium-sized departments being disadvantaged relative to small and large ones, we are not aware of any other empirical evidence on this aspect. In any case, Schartinger et al.'s result is bounded to small departments specialized in narrowly demarcated fields of science because they are more likely to have the prerequisites favourable to interactions.
Finally, peer-effect (i.e. 'imitation' effect) is another effect that is suggested in the literature, but has not been empirically tested. In line with Bercovitz and Feldman (2003) , we predict that researchers may be induced to interact with industry by imitating the behaviour of colleagues in their departments active in research collaborations with industry.
In sum, thus far, the empirical evidence on the factors influencing U-I linkages based on the characteristics of individual researchers and research institutions appears is rather limited, and often controversial. This study aims to contribute to the literature with an empirical study focused on the individual and context characteristics of researchers involved in U-I linkages in the wine sector. In Section 3 we show that the role played by scientific research has increased significantly in all the main wine producing countries.
Our study focuses on three major world players: Chile, South Africa and Italy.
Why the wine industry and why these regions
Establishing the extent and depth of the U-I interaction is usually facilitated by underlying research that is applied in nature; this tends to apply more to fields such as agronomy, engineering and the life sciences, than physics and mathematics, for instance. In this paper, we focus on scientific research into wine production.
In the past, the wine industry has undergone major structural industrial and market changes, which have been accompanied by a scientific and technological shift. The recent dramatic technological change and modernization that has occurred in the wine sector, known for being a traditional, craft-based activity, has been spurred by the results of applied research conducted in universities and research institutes, and by the increased level of interaction between researchers and the industry (Aylward, 2003; Giuliani, 2006; Morrison and Rabellotti, 2007; Unwin, 1991) .
Patterns of wine consumption have also changed, with market preferences shifting from quantity, non-premium wines to quality, premium wines. Production technology and grape growing and wine making techniques have undergone increased codification, which has allowed countries that formerly were not wine producers, to 'catch up' and emerge as exporters of fine wines. For instance, starting in the mid 1980s, countries such as Australia, New Zealand, South Africa, Chile and Argentina have become competitive in the international market, challenging 'old world' producers such as France, Italy and Spain (Anderson et al., 2003) .
Historically, public research organizations have played a central role in this industry.
Institutions and researchers from the old world, primarily France but also Italy, led scientific research in this field for a long time. However, research has become increasingly international and several leading research centres in both viticulture and oenology have emerged around the world. Various authors (Aylward, 2003; Unwin, 1991) have noted that the recent process of technological renovation has been spurred by the considerable investment in new producer regions, such as California, Australia, New Zealand, Chile and South Africa. In the 1980s, some of these countries began investing in what could be defined a 'wine system of innovation' (Aylward, 2003) and institutions, such as the University of California at Davis and the Roseworthy College in Australia, have become key players in scientific research on wine related issues. In both old and new producing countries, the strengthening of these wine systems of innovation and particularly the interaction between researchers and industry have been identified as the key to competitiveness in the wine industry (Giuliani, 2006) .
For all these reasons, an analysis of the factors influencing the formation of U-I linkages in the wine industry is interesting. Our study is based on data collected in three different contexts: two being significant examples of 'new world' producers -Chile and South Africa -and one an 'old', traditional producer -Italy.
i) Chile
Chile is considered a shining star among the so-called 'new world' producers, for the production and export of wine. Over the past 30 years, apart from a dip in the early 1990s, growth in Chilean production has been dramatic. Exports as a proportion of total production have risen more rapidly than in the other 'new world' countries, with nearly half of total production exported. This resulted in an extraordinary transformation in the structure of production and trade. However, the quality of Chilean wine did not improve until the late 1990s (Bell and Giuliani, 2007 ).
Chile's success has been achieved thanks to a process of technological renovation, which has transformed an old market into a modern and dynamic, export-oriented industrywhich today plays an important role in the country's economy. Significant investments to support innovation and scientific research were undertaken by both the industry and several Chilean institutions. In the past ten years, several wine producers -mostly large-sized -have collaborated with Chilean universities, in research projects financed by the Chilean Industrial Promotion Board (Corporación de Fomento, CORFO) and the National S&T Council (CONICYT), through bidding schemes or competitive funds (Moguillansky et al., 2006) .
Recently, there has been an explicit policy objective of strengthening Chile's national wine research system through tight links between research organizations and the industry. In 2005, the establishment of two large technological consortia was promoted.
These two consortia involve all the main business associations of wine producers and the main universities and wine related public research centres. It is the intention of the policy makers that these two consortia should play a key role in managing the research funding, selecting projects and promoting research to address very specific industry problems.
ii) South Africa
The tradition of wine making in South Africa dates back to the 17 th century. Since the end of Apartheid in 1994, the South African economy as well as its wine industry have undergone deep structural reforms. Previously, production quotas, import protection and price support were in place to prevent overproduction; moreover, regulation had the side effect of keeping prices high and distorting production towards high yields at the expense of quality. Deregulation forced a restructuring of the South African wine industry and a focus on quality rather than volume. Many producers have adapted to the international demand pattern, by planting noble international varieties and adopting advanced oenological and viticulture techniques. As a result, in the last ten years the South African wine industry has experienced a rapid boost in exports and in 2004 it accounted for 3.1% of world wine production, and was ranked 4 th among the 'new world' producers and 9 th at world level (Anderson, 2006) . Council (ARC), and the University of Stellenbosch, which can be considered the pillars of the South African wine research system absorbing more than 90% of its research funding (Winetech, 2006) . Funding of wine research is competitive and projects focus on applied research aimed at industry needs. Winetech pays great attention to the dissemination of results to end-users and most of its projects explicitly require specific extension interventions. Thus, the unique structure of the South African institutional framework makes this country a particularly interesting case for the investigation of U-I relationships.
iii) Italy (Piedmont)
Italy is a traditional wine producing country and one the world's leading wine producers, ranked second after France, and accounting for 18% of world production in 2004 (Anderson, 2006) . Within Italy, we focus in this study on Piedmont, which produces some of the best known Italian wines (e.g. Asti Spumante, Barolo and Barbera) and is the second largest (after Veneto) exporting region in Italy, with a share of about 20 % of all Italian exports in 2005.
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Over the last 20 years, the Italian wine sector has undergone a deep restructuring, in reaction to changes in both the domestic and international markets. On the one hand, there has been a major decline in domestic demand and a shift in consumer preference towards higher quality wines; on the other hand, there is increasing competition in the international market from 'new world' wine producers. As a result, firms have been forced to modify their production strategies, and focus on quality and cost efficient production processes. Overall the wine sector is performing quite well, and holding its own in the face of external competition and changes in consumption patterns.
Due to its strong specialisation in high quality traditional wines for the international market, Piedmont provides a good case study for an investigation of the U-I linkages in the wine industry. At regional level, there are a number of research institutions participating in R&D projects in the field of oenology and viticulture, including public research organizations and universities. In addition, producers associations play a key role in disseminating technical knowledge and providing technical support to their members, and especially Vignaioli Piemontesi, the largest association of wine and grape producers in Italy, with more than 8,000 members. Vignaioli Piemontesi employs a team of technicians, mainly agronomists, who work closely with member firms andparticularly in small firms -take responsibility sometimes for the whole agronomic management of the vineyards. Vignaioli Piemontesi participates directly in local research projects in collaboration with university researchers, acting mainly as the technical partner for the scientific institutions involved in these projects. Morrison and Rabellotti (2007) showed that the wine innovation system in Piedmont is characterized by a core of R&D and extension organizations, which play a central in diffusing knowledge to a large number of firms, in an efficient manner.
Methodology

The data
The study is based on original survey data collected in three areas -i.e. Piedmont (Italy), Table 1 for affiliations of interviewees). This sample is relatively small, but it should be noted first, that the researchers interviewed represent the universe of active researchers in wine-related research fields in the three contexts examined; and second, that our dataset provides unique and original information on researchers' characteristics and firm-university interactions. These data are not usually available from secondary sources.
TABLE 1
The questionnaire covers many aspects related to the researcher's background and her/his personal collaborations with other researchers and people in the industry. This background information on researchers' personal profiles also includes information on on her/his education and work experience (e.g. age, sex, years of experience in research, position, affiliations, level of education achieved). Relational data on collaborations were gathered in a specific section of the questionnaire, in a format suitable for social network analysis (Giuliani and Rabellotti, 2008) , through the so called free recall method (Wasserman and Faust, 1994) . Specifically, two types of relational data were sought: (i) data on U-I linkages between the interviewee and professionals in the industry; and (ii) data on academic linkages between the interviewee and other researchers in their own country. Respondents were asked whether they had collaborated with a researcher and/or a professional located in their country 6 and to specify the name and the main characteristics of the collaboration (the questions are reported in Appendix A.1).
The variables
The aim of the analysis was to explore the relation between researcher characteristics and the likelihood of establishing linkages with industry. This econometric analysis estimates a Poisson model by pooling the data for the three areas studied. Given that data come from three different populations of researchers, the model controls for the possibility that random disturbances in the regression are correlated within groups. The control is needed because we can expect that researchers sharing an observable characteristic, such as location, may also share unobservable characteristics that lead to spurious results when estimating the effects of aggregated variables on a single observation (Moulton, 1990) . In what follows, we present the dependent and independent variables included in the model and the predictions expected, based on the evidence in the literature.
Dependent variable: U-I Link
The dependent variable (U-I Link) measures the number of linkages a researcher establishes with the industry, on the basis of the relational question reported in Appendix A.1. This variable is measured as the Normalized degree of centrality (NDC) of each researcher's U-I network. U-I Link is a continuous variable ranging from 0 to a maximum value of 3.70.
Independent variables:
We included in the model independent variables for the characteristics of both researchers and their institutions, and also country dummy variables. These are described below.
Individual researcher (i) Demographic variables
• Age of researcher and age squared (Agesq) to test non-linear behaviour. Thus, we test a curvilinear (U-shaped) relationship between age and U-I linkages and expect that much younger and much older scholars have more linkages than scholars whose ages are between these extremes; Finally, we included dummy variables in the model to control for country-level specificities.
Empirical Results
Descriptive comparative analysis of U-I linkages for Chile, South Africa and Italy
In this section we provide a descriptive analysis of the researchers involved in U-I linkages, to investigate commonalities and differences across Chile, South Africa and Italy (Table 2) . First, we can see that on average Chilean researchers maintain slightly more links with industry than South African or Italian ones, although this difference is not statistically significant. Among the independent variables, most are not significantly different across countries, with the exception of training. Here, there is a substantial difference in the share of Italian researchers with a post-graduate degree, which is much lower than for Chile and South Africa. 8 Also, for Chile international education of researchers is statistically significantly different from South Africa and Italy: 60% of Chilean researchers obtained a university degree abroad.
In terms of links with other national researchers, South African researchers, on average, have more linkages than Italian researchers, while differences with Chilean researchers are negligible. This is highlighted by the indicator for researcher centrality in the academic network (Table 2) .
As we can see from Table 1 , in terms of institutions to which researchers are affiliated, Chilean researchers are mainly based in universities, while in Italy and South Africa 40% of the researchers interviewed were based in other research institutions, such as the research centres related to the Ministry of Agriculture (both Italy and South Africa) and the National Research Council (Italy). The scale of departments in terms of numbers of affiliated researchers, also differs, and is larger for Chile than for Italy or South Africa.
Finally, the peer effect -total number of U-I linkages formed by all the researchers in each department -is higher for South Africa than for Italy or Chile. Table 3 shows the different types of links among researchers and the industry in the three areas. In Italy and Chile, the most frequent type of association is joint research agreement, while in South Africa research contracted by the industry and undertaken by the researchers, plus informal contacts are the two most frequent types of relationships.
Finally, Chilean and South African researchers are more heavily involved in consultancy than their Italian counterparts. In the next section we present the econometric analysis, which highlights the characteristics of the researchers and their links with the industry. 
Results
Here, we present the main results of the econometric exercises in an attempt to test the importance of the different groups of variables on the formation of U-I linkages, for
Chilean, South African and Italian researchers specialised in wine related subjects. Table 4 Among researchers' demographic characteristics, the variable Age is always statistically significant and negatively related to the number of a researcher's collaborations with industry, while Agesq is not significant, indicating that, in our model, the expected Ushaped relationship is not confirmed. This suggests that younger scholars are more likely to form U-I linkages compared with their older colleagues. Interestingly, women are more likely to form linkages with the industry than their male colleagues, as indicated by the positive and significant coefficient of the variable Sex.
TABLE 4
None of the training effects -i.e. having a PhD and/or having undertaken post graduate studies in a foreign country -is statistically significant. 9 Among reputation effects, centrality in the domestic academic network (Acad_centr) is significant and positive, but neither researcher's status (Position) nor her/his academic excellence (number of publications TNP and average number of citations QTP) is significant.
For institutional affiliation, Model 4 suggests that the only significant variable is the dummy distinguishing between universities and other research institutions (Type_inst); it seems that university researchers enter into more U-I linkages than researchers from other types of institutes. However, neither the size of the department nor the peer effect is significantly related to the formation of U-I linkages.
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Finally, the dummy control variables for Chile (DCH) and Italy (DIT) are both negatively and statistically significant in all four models.
Discussion of results
The results of the econometric exercise allow us to draw some interesting conclusions.
In general, it is the characteristics of the individual researchers, such as age and sex, that seem to determine U-I linkages, rather than educational background, academic status or publication performance. There are two plausible explanations: first, the latter aspects are not perceived or are only superficially valued by professionals in the industry; and second, it is possible that professionals with higher academic degrees and higher scientific quality do not engage in very applied research oriented at solving the practical matters of the industry, to any great extent.
On the other hand, we find that centrality of the researcher in the national research system is highly significant. This may be because, first, centrality in the academic network might indicate an active relational propensity, which might mean that the researcher is also involved in other types of linkages. We would expect these researchers to be embedded in a dense network of research linkages, and to have higher chances of being informed about and eventually involved in projects with industry than less well connected ones. And second, because centrality in the academic system may be the way that the eminence of the researchers is signalled to industry, via word of mouth through formal or informal interaction. Hence, central researchers are more visible to professionals in the industry.
It should be remembered that the wine innovation systems being investigated are quite small and comprise a relatively small number of researchers and firms. Thus, it is plausible that the most 'central; researchers in these innovation systems also enjoy the highest standing with the industry, and that for the industry this is more prominent than are the details of their publishing performance. Furthermore, linkages with the most central researchers five firms access to a larger community of academics, which, in turn, increases their opportunities to obtain novel information and establish further research collaborations.
Finally, the characteristics of the research organisations where researchers work appear to influence U-I linkages to a lesser extent. Only working in a university shows a Finally, the results confirm that the South Africa wine innovation system appears especially to reward strong U-I linkages. This can be explained by the organization of the South African institutional framework in the wine sector, and the purposeful establishment of Winetech with a mandate to promote, coordinate and finance research for the wine industry, which is unique among these three countries. Winetech coordinates the industry's research requirements and conveys them to the research community, selecting which research projects will be financed. The funds allocated by
Winetech are the main source of finance for research on wine-related issues in South
Africa. 11 This specificity of the institutional setting could be justification for the strong orientation of the South African research system, towards the industry.
Conclusions
This paper contributes to the literature on the microeconomic determinants of U-I linkages, and therefore also to the understanding of a key dimension of national systems of innovation. Though academic research institutions have long served as a significant external source of scientific and technical knowledge for industrial firms, the intensity and variety of activities at the university-industry interface is growing, and it is crucial to improve understanding of how and why university researchers interact with firms. In this paper we develop an original, and rich conceptual framework that has the advantage that it tests how the characteristics of both the individual researcher and of her/his organization influence collaboration with industry. Also, this study focuses on developing countries and adopts a systemic approach to innovation and its diffusion.
There are very few similar studies in the literature. The empirical evidence leads to several important results.
First, researchers from all the regions considered here are very active in making research links with industry. Disparities across countries at different levels of development seem to matter less than the most prominent common characteristics of a specific sector, such as wine, where applied scientific research plays a central role. The three countries examined are all key players in the world market and, although, on the basis only of the investigation in this paper, we cannot conclude whether the extent, variety and depth of U-I linkages mark differences in industry or innovation performance, we can reasonably claim that their existence is a sign that both parties benefit from this interaction. Future research will further explore this in detail.
Second, researchers' individual characteristics matter more in determining U-I linkages than the context and the organization in which they operate. The most influential factors affecting collaboration of researchers with industry appear to be younger age, being female and 'centrality' in the academic system. Younger scholars show a higher 'openness' towards the professional and productive world, which in the future could possible lead to greater fluidity of interaction between the academic and professional communities -once considered two different worlds. It would be interesting in future research to deepen the analysis of researchers' personal characteristics and careers, as this may have some influence on the intensity of their interactions with industry.
Although this analysis was on a specific sector -the wine industry -it can be generalised to any sectors that rely strongly on applied science and are undergoing substantial restructuring at global level. The analysis is interesting in terms of its implications (although preliminary and tentative) for policy design. First, promoting linkages with the industry of a few researchers with central positions in the academic network may have a positive impact on the whole system, and might help diffuse innovation through the industry. However, this also raises the question of the vulnerability of the system: these central researchers might leave the country or the sector, which would considerably weaken the whole innovation system. This would apply particularly to small research systems, involving only a few central researchers. Third, we consider all types of U-I linkages, from research collaborations to training, without differentiating their variety. The variety of these links should be explored in future work, as the motivations underlying a U-I linkage established for joint research purposes might be different from those relating to consultancy or student internships. 
Network data
The study collected two types of relational data:
(i) U-I linkages between the researchers interviewed and professionals in the industry;
(ii) Academic linkages between the researchers interviewed with other researchers in their own country.
(i) U-I linkages
This information was collected from the responses to the following question: Different sections of the questionnaire asked about the names of researchers (i) that work in the same department and/or university; (ii) that work in another university, but in the same country and (iii) that work abroad. Only information on (i) and (ii) was used for this study.
The above questions enabled relational data for every respondent to be collected. Due to the difficulty of setting boundaries to researchers' direct contacts, respondents were asked to provide answers for a maximum of 10 individuals -researchers or professionals, according to the question, in line with Marsden (2005) . On the basis of these data, two types of networks were constructed: (i) the U-I network, reporting the existence of a linkage (though any of the 9 possible channels listed above) between the respondent and the wine industry professionals she/he named; (ii) the academic network, reporting the existence of a research linkage between the respondent and other researchers in the country. These network data were pooled within matrices, each corresponding to the different relationships in the country in which the research was conducted. These matrices were used to construct the dependent variable and one independent variable, described below in detail. • Post-graduate studies in a foreign country
Dependent variable (U-I
Creation of University-Industry linkages
Reputation effects • Academic status
• Quantity and quality of publications • Centrality in the national research system
Institutions:
• Type of institution • Scale effect • Peer effect 
